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(54) Signal reproducing apparatus and methods 

(57) A DVD (digital video disc) reproducing appara- 
tus enables seamless images at a plurality of angles re- 
corded on a DVD to simultaneously be watched or in- 
stantaneously be watched even if the images are 
switched. To this end, a frame memory (14) of the DVD 
reproducing apparatus has a display data storage re- 
gion (14a) having nine storage regions corresponding 
to nine different images, for example images at nine an- 
gles to be displayed, a first decoded data storage region 
(14b) and a second decoded data storage region in 
which decoded I pictures and P pictures, that is decoded 
image data items, are stored. 
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Description 

This invention relates to signal reproducing appa- 
ratus and methods. More particularly, but not exclusive- 
ly, the invention relates to signal reproducing apparatus s 
and methods for reproducing a dynamic image by de- 
coding coded image data which torms the dynamic im- 
age, and, more particularly still, a signal reproducing ap- 
paratus and method for reproducing a plurality of dy- 
namic images which have the same attributes. io 

Optical disks have a common characteristic that 
random access is permitted. A DVD (Digital Video Disk: 
DVD-VIDEO) which is one of the optical disks uses the 
above-mentioned characteristic so that a multi-angle 
function and a multi-history function are realized. -is 

The multi-angle function is a function for reproduc- 
ing an image obtained by photographing the image at a 
plurality of shooting angles. For example, images of one 
subject at a plurality of angles can be reproduced. 

The DVD uses angle blocks each of which is formed 
by data for enabling images at a plurality of angles to 
selectively be reproduced. The angle block is formed by 
sectioning image, data photographed at each angle. The 
DVD employs a so-called 'Interleave Structure* in such 
a manner that the angle blocks are mixed and then re- 25 
corded on a signal recording surface. Since the DVD 
employs the foregoing recording structure, the multi-an- 
gle function and the multi-story function are realized. 

A DVD reproducing apparatus is able to reproduce, 
for example, a DVD of the foregoing type in such a man- 30 
ner that switching to an image at a required angle is per- 
mitted during the reproducing process. 

The angle block fall into two categories which is an 
angle block (hereinafter called "SML_AG_BLK") which 
can continuously, that is, seamlessly, connected to an- 3S 
other angle when images which proceed simultaneously 
and other angle blocks (hereinafter called 
■ NS ML_AG_BLK B ) with which the angle can be 
switched only seamlessly. 

When a process for reproducing SML_AG_BLK is ao 
performed, the DVD reproducing apparatus is able to 
seamlessly switch the angle. However, several seconds 
are required to switch the angle. That is, the DVD repro- 
ducing apparatus cannot reproduce another angle at the 
instant that the angle is switched. If a user switches the as 
image which is being reproduced to that at another re- 
quired angle, the user cannot watch the image at the . 
required angle corresponding to the moment in time at 
which the angle is switched. As a result, the user cannot 
watch the required image. so 
- - When SML_AG__BLK is reproduced, switching of 
the angle is limited to once in several seconds. Only sub* 
image data composed of audio data, subtitle information 
and the like corresponding to the image at the angle 
which is reproduced is encoded. ss 

When NSML_AG_BLK is reproduced, the DVD re- 
producing apparatus must temporarily interrupt the re- 
producing operation when the angle is attempted to be 



switched. Then, the angle must be switched to another 
angle after which the reproducing process is restarted. 
In the case where angles are not smoothly connected 
to one another, the user cannot enjoy legible images. 

When NSML_AG_BLK is reproduced, another an- 
gle corresponding to the moment in time at which the 
angle is switched can be reproduced. Moreover, switch- 
ing is generally permitted in larger number of portions 
as compared with SML_AG_BLK. Even if an image is 
switched to an image at another angle, audio data and 
sub-image data individual from the" image at the other 
angle can be decoded. 

When NSML_AG_BLK and N SML»AG_BLK are re- 
produced, the DVD reproducing apparatus cannot im- 
mediately switch the angle in the seamless manner al- 
though it is able to simply switch the angle. 

If images at various angles can simultaneously be 
provided for a user, the user is able to always confirm 
the images of the various angles. Thus, missing of a re- 
quired image and image illegibility can be overcome. 
Therefore, there arises a requirement for an apparatus 
which is capable of simultaneously displaying images at 
a plurality of angles. 

According to one aspect of the present invention 
there is provided a signal reproducing apparatus includ- 
ing decoding means for generating decoded image data 
at the plural angles by decoding coded image data at a 
certain angle among the plural angles read by reading 
means; decoding storage means on which decoded im- 
age data at the certain angle among the plural angles 
generated by the decoding means is stored; displaying 
storage means having storage regions on which image 
data to be displayed is stored and which enables divi- 
sion display to be performed; and control means for sub- 
jecting decoded image data stored in the decoding stor- 
age means to a contraction process, writing decoded 
image data, which has been subjected to the contraction 
process, on the storage region of the displaying storage 
means and reading image data to be displayed and in- 
cluding decoded image data written on the storage re- 
gion. 

In a signal reproducing apparatus having the above 
structure, a plurality of decoded image data items are 
stored in the storage regions of the displaying storage 
means. 

According to another aspect of the present inven- 
tion there is provided a signal reproducing apparatus in- 
cluding m storage means on which coded image data 
read by reading means is stored, and decoding means 
for generating decoded image data by decoding coded 
image data transmitted from the m storage means. 

A signal reproducing apparatus having the above 
elements can simultaneously decode coded image data 
at a plurality of angles or decode by switching images. 

According to a further aspect of the present inven- 
tion there is provided a signal reproducing method in- 
cluding a decoding step for generating decoded image 
data at the plural angles by decoding coded image data 
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at a certain angle among the plural angles read in a 
reading step; a decoded image data storing step tor stor- 
ing decoded image data at the certain angle among the 
plural angles generated in the decoding step; a display- 
ing storage step using storage regions on which image 5 
data to be displayed is stored and which enables divi- 
sion display to be performed; and a control step for sub- 
jecting decoded image data stored in the decoded im- 
age data storing step to a contraction process, writing 
decoded image data, which has been subjected to the 
contraction process, on the storage region which is used 
in the displaying storage step and reading image data 
to be displayed and including decoded image data writ- 
ten on the storage region. 

According to yet another aspect of the present in- 
vention there is provided a signal reproducing method 
including m storing steps for storing coded image data 
read in a reading step, and a decoding step for gener- 
ating decoded image data by decoding coded image da- 
ta transmitted from the m storing steps. 

Embodiments, described below, of the aspects of 
the invenjfoojLet out above, seeks to provide signal re- 
producing apparatus and methods which enable seam- 
less images at a plurality of angles recorded on a re- 
cording medium to simultaneously be watched or in- 
stantaneously be watched even if the angle is switched. 

. The invention will now be further described, by way 
of illustrative and nonlimiting example, with reference to 
the accompanying drawings, in which: 

Fig. 1 is a diagram showing the structure of a frame 
memory of a DVD reproducing apparatus according 
to a first embodiment of the present invention; 
Fig. 2 is a circuit diagram showing the DVD repro- 
ducing apparatus according to the first embodi- 
ment; 

Fig. 3 is a diagram showing a state in which coded 
image data is decoded, in particular, an I picture is 
decoded in the frame memory; 
Fig. 4 is a diagram showing a state in which coded 
image data is decoded, in particular, an I picture and 
a P picture are decoded in the frame memory; 
Fig. 5 is a plan view showing a monitor employed 
when the procedure for decoding coded image data 
has been described; 

Fig. 6 is a diagram showing the frame memory 
structured to perform reverse reproduction; 
Fig. 7 is a diagram showing a state in which coded 
Image data is decoded, in particular, an I picture and 
a P picture are decoded in the frame memory struc- 
tured to perform the reverse reproduction; 
Fig. 8 is a circuit diagram showing a DVD reproduc- 
ing apparatus according to a second embodiment 
of the present invention; 

Fig. 9 is a circuit diagram showing the DVD repro- 
ducing apparatus according to the second embod- 
iment and having a changed portion; 
Fig. 10 is a circuit diagram showing a DVD repro- 



ducing apparatus according to a third embodiment 
of the present invention; 

Fig. 11 is a circuit diagram showing a DVD repro- 
ducing apparatus according to a fourth embodiment 
of the present invention; 

Fig. 12 is a plan view showing a monitor on which 
images at a plurality of angles are displayed; 
Fig. 13 is a plan view showing a monitor on which 
images at a plurality of angles are displayed by an- 
other display method; 

Fig. 14 is a diagram showing a data format for a 
DVD which is reproduced by the DVD reproducing 
apparatus according to any one of the first to fourth 
embodiments; and 

Fig. 1 5 is a diagram showing a data format for GOP 
recorded on the DVD. 

Embodiments of the present invention will now be 
described with reference to the drawings. 

A first embodiment will now be described. In this 
embodiment, a DVD reproducing apparatus will now be 
described to which a signal reproducing apparatus and 
a signal reproducing method embodying the present irK 
vention are applied so as to be capable of reproducing 
a DVD (Digital Video Disk: DVD-VIDEO). 

The DVD is a recording medium on which images 
compressed and coded 'in accordance with MPEG2 
(Moving Picture Coding Experts Group 2) are recorded. 
Data for forming image data which is recorded on the 
DVD reproducing apparatus is composed of I pictures 
consisting of intra-frame coded Images, P pictures con- 
sisting of inter-frame images which have between pre- 
dictively coded in the proceeding direction and B pic- 
tures consisting of bidirectional predictive ly coded im- 
ages. 

The I picture is coded image data which can be gen- 
erated by compressing and coding one image without a 
predictive coding process. The I picture generates an 
image by decoding only data thereof. The P picture is 
coded image data which is generated by predictively 
coding an image in a previous frame. The B picture is 
coded image data generated by predictively coding im- 
ages in preceeding and following frames. 

When data is decoded, the I picture does not require 
the other coded image data. Each of the P picture and 
the B picture requires one or two other coded image data 
Items. Coded image data is decoded by a data decoder 
on a frame memory of the DVD reproducing apparatus. 

As shown in Fig. 1 , the DVD reproducing apparatus 
for reproducing the DVD has a frame memory 1 4 for use 
when a decoding is performed, the frame memory 14 
being sectioned into three regions. The frame memory 
14 has a display data storage region 14a having nine 
storage regions corresponding to nine different images, 
for example, images at nine angles to be displayed. 
Moreover, the frame memory 14 has a first decoded da- 
ta storage region 14b and a second decoded data stor- 
age region 1 4c in each of which decoded I pictures and 
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P pictures, that is, decoded image data is stored. 

As described above, I pictures and P pictures are 
stored in the first and second decoded data storage re- 
gions 14b and 14c. When, for example, P picture is de- 
coded, the P picture is stored in either of the first decod- 
ed data storage region 14b or the second decoded data 
storage region 14c. The decoded image data of decod- 
ed I picture or P picture stored in the other decoded data 
storage region is used to perform the decoding process. 

Decoded image data composed of the I picture or 
the P picture decoded in the first decoded data storage 
region 14b or the second decoded data storage region 
14c is subjected to a contraction process, and then 
stored in the sectioned region in the display data storage 
region 14a. 

The display data storage region 14a is a region in 
which image data to be displayed is stored. The display 
data storage region 14a has nine sectioned regions 
14 al . 14^, 14^, 14^, 14^, 14 a6 , I4 a7 , 14^ and 1439 
corresponding to images at nine angles. Thus, decoded 
image data subjected to the contraction process is 
stored in each of the above-mentioned regions. 

Wbe* dfeptey image data is reproduced, image data 
irtlhe display data storage region 1 4a is reproduced on, 
for example, a monitor. The structure of the display data 
storage region 14a may arbitrarily be determined. De- 
coded image data stored in the storage region having 
the determined structure is, by dint of display image da- 
ta, reproduced in a portion of a display screen of the 
monitor or the like corresponding to the storage region. 

When the reproducing process is performed to ex- 
ecute, for example, the multi-angle function, decoded 
image data forming images at angles at the same time 
is stored in each region. For example, decoded image 
data items of images at first to ninth angles are assigned 
and stored in the nine regions. 

Since the DVD reproducing apparatus has the 
above-mentioned frame memory 1 4, the DVD reproduc- 
ing apparatus is able to decode coded image data which 
forms the images at a plurality of angles stored in the 
' DVD and simultaneously display decoded images on a 
plurality of display portions of, for example, the monitor. 

The frame memory 14 of the DVD reproducing ap- 
paratus 1 having the structure as shown in Fig. 2 will 
now be described. 

The DVD reproducing apparatus 1 has a pickup 2 
for reproducing an RF signal from a recording medium 
(DVD) 100, an RF circuit 3 to which the RF signal repro- 
duced by the pickup 2 is supplied and which binary-, 
codes the RF signal. Moreover, the DVD reproducing 
apparatus has a data decoder 4 to which reproduced 
data is supplied from the RF circuit 3 and which subjects 
reproduced data to a decoding process including an er- 
ror correction process. In addition, the DVD reproducing 
apparatus has a demultiplexer 5 for dividing reproduced 
data subjected to the decoding process into com- 
pressed data of a main image, compressed data of a 
sub-image and compressed audio data. 



Note that compressed data of a main image is com- 
posed of decoded image data, such as I picture, P pic- 
tures and B pictures. 

The DVD reproducing apparatus 1 has a video de- 
s coder 6 provided with the frame memory 14 and ar- 
ranged to decode compressed data of the main image 
transmitted from the demultiplexer 5, a sub-image de- 
coder 7 which decodes compressed data of the sub-im- 
age and synthesizes decoded data and main image da- 
10 ta and an audio decoder 8 for decoding compressed au- 
dio data Moreover, the DVD reproducing apparatus 1 
has a digital/NTSC or PAL conversion circuit (hereinaf- 
ter simply called as an "NTSC conversion circuit") 9 to 
which data obtained by synthesizing data of the sub-im- 
age and data of the main image is supplied from the sub- 
image decoder 7 and which converts supplied image da- 
ta into NTSC signal or a PAL signal. In addition, the DVD 
reproducing apparatus 1 has a digital/analog conver- 
sion circuit (hereinafter simply called as a *D/A" conver- 
se sfon circuit) 1 0 which is supplied with audio data from 
the audio decoder 8 and which converts audio data into 
an analog signal. 

Moreover, the DVD reproducing apparatus 1 has a 
controller 11 for controlling the above-mentioned pickup 
2, the RF circuit 3. the data decoder 4, the demultiplexer 
5, the video decoder 6, the sub-image decoder 7, the 
audio decoder 8. the NT$C conversion circuit 9 and the 
D/A conversion circuit 10. Moreover, the DVD reproduc- 
ing apparatus 1 has a user interface 12 serving as an 
30 interface between the controller 11 and input performed 
by a user. In addition, the DVD reproducing apparatus 
1 has a memory 1 3 serving as a data storage portion for 
the controller 11. 

The NTSC signal or the PAL signal supplied from 
35 the NTSC conversion circuit 9 and transmitted from the 
QVD reproducing apparatus 1 is supplied to a monitor 
200 so that the image is displayed. 

The recording medium 100 arranged to be repro- 
duced by the DVD reproducing apparatus 1 is, as shown 
40 in Fig. 1 4, called a Video Object Set (hereinafter called 
as a B VOBS') which is one unit on which one title of a 
motion picture or the like is recorded. 

The VOBS is composed of a plurality of video ob- 
jects (hereinafter called 'VOBs'). The DVD is structured 
4S to correspond to the multi-story function which enables, 
for example, a plurality of stories of one motion picture 
to be watched. Specifically, VOBs cause different sto- 
ries to be developed. The VOB is composed of a plurality 
of Cells. 

so The Cell serves as, for example, a unit for one 
scene of a motion picture. That is, combinations of 
scenes form the VOB. The difference of the combination 
Is used to realize the multi-story f unction. The Cell is 
composed of a plurality of Video Object Units (hereinaf- 

& ter called "VOBUs'). 

The VOBU is composed of a plurality of groups of 
compressed data of a main image, compressed data of 
a sub-image and compressed audio data. The com- 
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pressed data of a main image, compressed data of a 
sub-image and compressed audio data are packed into 
a main image pack (V_PCK). a sub-image pack 
(SP_PCK) and the audio pack (A_PCK), respectively, 
and then transmitted from the demultiplexer 5. 

The compressed data of a main image is data which 
is the main image of the motion picture, the compressed 
data of a main image forming a video stream in a DVD 
format. Compressed data of a sub-image is data of sub- 
titles or the like, compressed data of a sub-Image form- 
ing a sub-picture stream in the DVD format Com- 
pressed audio data is data of voice, compressed audio 
data forming an audio stream in the DVD format. 

In the MPEG2, GOP (Group of Picture) in the DVD 
is in the form of an angle block composed of sectioned 
image data at each angle. An interleave structure is em- 
ployed so that angle blocks are mixed when recorded 
on the DVD. The GOP is recorded in the VOB by dint of 
the interleave structure. One GOP is usually composed 
of I pictures, P pictures and B pictures, as shown in Fig. 
15. The total of the I pictures, the P pictures and the B 
pictures is fifteen. 

. Jpala^ecorded on the recording medium (DVD) 100 
in the above-mentioned format is read by the pickup 2 
provided for the DVD reproducing apparatus 1 . 

The pickup 2 irradiates the signal recording surface 
of the recording medium 100 with a laser beam emitted 
from a laser beam source included in the pickup 2 so as 
to receive light reflected by the signal recording surface. 
Then, the pickup 2 supplies an RF signal reproduced in 
response to received light to the RF circuit 3. 

The RF circuit 3 equalizes the waveform of the RF 
signal and binary-codes the RF signal so as to generate 
reproduced data, a synchronizing signal of reproduced 
data and the like. Digital data and the like generated by 
the RF circuit 3 are supplied to the data decoder 4. 

The data decoder 4 performs processes for demod- 
ulating and correcting data in accordance with repro- 
duced data generated by the RF circuit 3. Digital data 
subjected to the demodulation and the like by the data 
decoder 4 is supplied to the demultiplexer 5. 

Digital data includes compressed data of a man im- 
age. Therefore, coded image data is read from the re- 
cording medium 100 by the pickup 2, the RF circuit 3 
and the data decoder 4. 

The demultiplexer 5 divides digital data subjected 
to the decoding process including the error correction 
process by the data decoders and reproduced from the 
recording medium 100 into various packs, that is, the 
main image pacMhe sub-image pack or the audio pack 
so as to supply the packs to each decoder disposed in 
the after of the demultiplexer 5. 

A track buffer Is disposed between the demultiplex- 
er 5 and the data decoder 4 in order to absorb the dif- 
ference between the processing speed of the demulti- 
plexer 5 and that of the data decoder 4. 

The demultiplexer 5 supplies, to the video decoder 
6, the main image pack composed of compressed data 



of the main image, supplies, to the sub-image decoder 
7, the sub-image pack composed of the compressed 
pack of the sub-image and supplies, to the audio decod- 
er 8, the audio pack composed of the compressed audio 
5 pack. 

The video decoder 6 subjects compressed data of 
the main image in the supplied main image pack to a 
decoding process so as to generate decompressed 
main image data. Note that main image data is decoded 

to image data composed of decoded i pictures, P pictures 
and B pictures. The video decoder 6 has the frame 
memory 14 so as to perform the decoding process. 

The decoding process which is performed by the 
video decoder 6 by using the frame memory 1 4 will now 

is be described. A specific case will now be described in 
which I pictures and P pictures of an image at, for ex- 
ample, a ninth angle In the VOBU are decoded so as to 
perform reproduction. Description will be made about 
the process for decoding the I picture in such a manner 

20 that I picture l 2 in the first VOBU and the second VOBU 
are sequentially decoded. The process for decoding the 
I picture and the P picture which will now be described 
is a process for sequentially decoding I picture l 2 , P pTc- J 
ture P 6 and P picture P 8 in the first VOBU. 

25 When only the I picture is decoded, the video de- 
coder 6 decodes I picture l 2 of I pictures forming sup- 
plied compressed data of foe main image, as shown in 
Fig. 3A so as to store decoded I picture l 2 in the first 
decoded data storage region 14b of the frame memory 

30 1 4. The video decoder 6 decodes I picture l 2 while writ- 
ing it on, for example, the first decoded data storage re- 
gion 14b. 

After the decoding process has been performed, 
the video decoder 6 subjects the decoded 1 picture l 2 to 

55 a contraction process, as shown in Fig. 3B. Then, the I 
picture l 2 contracted and subjected to the contraction 
process is copied to the displaying region 14 a9 for the 
ninth angle in the display data storage region 14a. 
The contracted I picture l 2 stored in the display data 

40 storage region 1 4a is displayed on one of sectioned dis- 
play portion of the monitor 200 through the sub-image 
decoder 7 and the NTSC conversion circuit 9. 

The DVD reproducing apparatus 1 displays an im- 
age formed by the decoded I picture Moreover, a next 

45 | picture, that is, I picture ^ recorded in the second VO- 
BU is stored in the first decoded data storage region 1 4b 
of the frame memory 14, as shown in Fig. 3C. Similarly 
to the process to which the I picture l 2 in the first VOBU 
has been subjected, the video decoder 6 decodes the I 

so picture l 2 in the second VOBU. Then, the decoded I pic- 
ture \ is subjected to the contraction process; andthen 
copied to the display data storage region 14a. 

The I picture l 2 in the second VOBU contracted as 
described above and copied to the display data storage 

55 region 1 4a is displayed on the monitor 200, the I picture 
l 2 being displayed as an image next to the I picture l 2 in 
the first VOBU. Specifically, decoded image data (main 
image data) obtained by the video decoder 6 as a result 
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of the decoding process is supplied to the sub-image 
decoder 7. 

The sub-image decoder 7 decodes compressed da- 
ta of the sub-image in the supplied sub-image pack, and 
then synthesizes decoded sub-image data with main im- 5 
age data supplied trom the video decoder 6 so as to gen- 
erate image data. That is, the sub-image decoder 7 syn- 
thesizes data of subtitles reproduced as sub-image data 
with main image data. If no sub- image data exists, the 
sub-image decoder 7 as it is transmits main image data. io 
The sub-image decoder 7 supplies generated image da- 
ta to the NTSC conversion circuit 9. 

The NTSC conversion circuit 9 converts image data 
from digital data into NTSC or PAL television signal. The 
television signal supplied from the NTSC conversion cir- is 
cuit 9 is displayed on the monitor 200 as an image. 

The television signal supplied to the monitor 200 in- 
cludes I picture l 2 decoded by the video decoder 6. The 
display screen of the monitor 200 is divided into nine 
sections corresponding to the plurality of the sectioned 20 
storage regions of the display data storage region 14a 
of the frame memory 14. The division display is per- 
formejd;inracccirdance with the division structure of the 
display storage region. Therefore, an image formed by 
the I picture l 2 is displayed on one of the sectioned dis- 2s 
play portions of the monitor 200. 

The audio decoder 8 decodes compressed audio 
data in the audio pack so as to generate decompressed 
audio data. If audio data has been compressed by the 
MPEG 2 method, the audio decoder 8 performs a corre- so 
sponding decompressing process so as to generate 
compressed audio data. If the format is linear PCM or 
Dolby ACS, the audio decoder 8 performs a correspond- 
ing process. The audio decoder 8 supplies generated 
audio data to the D/A conversion circuit 10. 35 

The D/A conversion circuit 10 converts audio data, 
which is digital .data, into analog audio data, and then 
transmits analog audio data. The transmitted analog au- 
dio data is supplied to a bud speaker unit or the like so 
that a user is able to watch the image reproduced trom 40 
the recording medium 100. 

The controller 11 controls the pickup 2, the RF cir- 
cuit 3, the data decoder 4, the demultiplexer 5, the video 
decoder 6, the sub-image decoder 7, the audio decoder 
8, the NTSC conversion circuit 9 and the D/A conversion 
circuit 10. The controller 11 permits input from the user 
interface 1 2 which Is an operation panel or a remote con- 
troller. In accordance with the input, the controller 11 
controls each circuit. 

The controller 11 controls writing and reading data so 
' to and from the f ram e memory 1 4 through the video de- 
coder 6. That is, the controller 11 subjects decoded im- 
age data stored in the decoded data storage region of 
the frame memory 14 to the contraction process and 
controls the processing of writing one of contracted and ss 
decoded image data item on one of storage regions of 
the display data storage region 14a formed to perform 
the division display. The controller 11 controls a process 



for reading decoded image data stored in the display 
data storage region 1 4a. 

The process for reading decoded image data from 
the display data storage region 1 4a is performed in such 
a manner that image data to be displayed is read in units 
of. the regions in the display data storage region 14a. An 
image composed of decoded image data stored in one 
of the storage regions corresponding to the regions of 
the monitor 200 is displayed on a display position of the 
monitor 200 corresponding to the storage region. 

The decoding and contraction processes to which 
the I picture at the ninth angle are performed for the I 
pictures at the first to eighth angles. Thus, the DVD re- 
producing apparatus 1 is able to simultaneously display, 
on the monitor 200, images at first to eighth angles at 
the same time as the image at the ninth angle. In this 
case, coded image data for forming the image at each 
angle is performed in a sequential order as an image 
(200a) at the first angle, an image (200b) at the second 
angle an image (200i) at the ninth angle and an im- 
age (200a) at the first angle, as shown in Figs. 5A to 5D. 

When only I pictures are decoded, the frame mem- 
ory 1 4 is required to have at least one storage region-Ion 
use in the decoding process, as described above. 

When I pictures and P pictures are decoded, the 
video decoder 6 initially decodes supplied I picture l 2 so 
as to be stored in the first decoded data storage region 
14b ol the frame memory 14, as shown in Fig. 4 A. 

After the video decoder 6 has decoded I picture l 2 , 
the video decoder 6 contracts the decoded I picture l 2 , 
and then copies contracted and decoded I picture l 2 to 
the display data storage region 14 a9 at the ninth angle 
in the display data storage region 14a, as shown in Fig. 
4B. 

An image formed by the I picture l 2 contracted and 
stored in the display data storage region 14a is dis- 
played on a display portion of the monitor 200 corre- 
sponding to the display data storage region 1 4a of the 
frame memory 14. 

On the other hand, the video decoder 6 predicts and 
decodes P picture P 5 supplied subsequently with the de- 
coded I picture l 2 stored in the first decoded data storage 
region 14b so as to store decoded P picture P 5 on the 
second decoded data storage region 14c, as shown in 
Fig. 4C. After the video decoder 6 has stored decoded 
P picture P 6 on the second decoded data storage region 
1 4c, the video decoder 6 contracts the decoded P pic- 
ture P 5 , and then copies the contracted and decoded P 
picture P s to the region 14 a9 of the display data storage 
region 14a, as shown in Fig. 4D. 

An Image formed by the P picture P 5 contracted and 
stored on the display data storage region 14a is dis- 
played next to the I picture l 2 which has been displayed 
in one display portion of the monitor 200. 

When P picture P 8 is decoded, the video decoder 
6, as shown in Fig. 4E, predicts and decodes P picture 
P e supplied subsequently with the decoded P picture P 5 
stored in the second decoded data storage region 1 4c, 
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and then stores decoded P picture P 8 on the first decod- 
ed data storage region 1 4b. 

After the decoded P picture P 8 has been stored on 
the first decoded data storage region 14b, the video de- 
coder 6, as shown in Fig. 4F. contracts the decoded P $ 
picture P 8 , and then copies the contracted and decoded 
P picture P 8 to the region 14 a9 of the display data stor- 
age region 14a. 

An image formed by the P picture P 8 contacted and 
stored on the display data storage region 14a is dis- n> 
played as an image next to the P picture P 5 which has 
been displayed on one display portion of the monitor 
200. 

Thus, images formed by the decoded I pictures and 
P pictures are sequentially displayed on one display por- is 
tion of the monitor 200. 

The DVD reproducing apparatus 1 similarly sub- 
jects I pictures and P pictures at the first to eighth angles 
to the decoding and contraction processes to which the 
I picture and the P picture at the ninth angle have been 20 
subjected. Thus, the DVD reproducing apparatus 1 is 
able to display images at the first to eighth angles at the 
same^Prt^aslhV image at the ninth angle on the corre- 
sponding display portions of the monitor 200. 

The following reproduction which is performed by 2s 
decoding only the I picture or the I picture and the P 
picture is performed when, for example, high speed re- 
production is performed. II a usual reproduction is per- 
formed, a storage region for decoding is required for the 
frame memory 14. so 

The DVD reproducing apparatus 1 is able to per- 
form a reverse directional reproduction: Moreover, the 
DVD reproducing apparatus 1 is able to display images 
at the first to ninth angles at the same time on the mon- 
itor 200. The reverse reproduction using the I picture is 35 
performed in such a manner that, tor example, I picture 
in n-th VOBU is decoded, and then I picture in n - 1 th 
VOBU is decoded. As described above, I pictures in the 
GOP are decoded. 

When reverse reproduction using I pictures and P *o 
pictures is performed, the I picture is initially decoded in 
the first decoded data storage region 14b. In accord- 
ance with the decoded I picture, the P picture is decoded 
in the second decoded data storage region 14c. For ex- 
ample, I picture l 2 is decoded in the first decoded data *s 
storage region 14b. In accordance with the decoded I 
picture l 2 , the P picture P B in the same VOBU is decoded 
in the second decoded data storage region 14c. The de- 
coding process is performed as described above In such 
a manner that the sequential displaying order on the so 
monitor 200 Is Inverted." That is, the reverse reproduc-" 
tion is performed in such a manner that the P picture P 5 
and the I picture l 2 are reproduced in this sequential or- 
der. 

An operation of the DVD reproducing apparatus 1 ss 
for decoding I pictures and P pictures forming, for ex- 
ample, the ninth angle on the frame memory 14 struc- 
tured to permit the reverse reproduction will now be de- 



scribed. 

The frame memory 1 4 permitting the reverse repro- 
duction, as shown in Fig. 6, includes a display data stor- 
age region 14a having nine storage regions, a first de- 
coded data storage region 14b on which decoded image 
data of the I picture or the P picture is stored and a sec- 
ond decoded data storage region 1 4c and a third decod- 
ed image data storage region 14d. That is, the third de- 
coded image data storage region 14d is provided for the 
frame memory 14 to enable the reverse reproduction. 

When a reverse reproduction process is performed, 
the supplied I picture l 2 is decoded and stored in the first 
decoded data storage region 14b of the frame memory 
14, as shown in Fig. 7A. 

Then, as shown in Fig. 7B, the video decoder 6 per- 
forms prediction using the decoded I picture l 2 stored in 
the first decoded data storage region 14b so as to de- 
code the P picture P 5 supplied subsequently. Then, the 
video decoder 6 stores the decoded P picture P 6 on the 
second decoded data storage region 14c. 

Then, as shown in Fig. 7C, the video decoder 6 per- 
forms prediction using the decoded P picture P 5 stored 
in the second decoded data storage region 14c so as ter 
decode the P picture P 8 supplied subsequently. Then, 
the video decoder 6 stores the decoded P picture P 8 on 
the third decoded image data storage region 14d. 

Each ol the decoded data items is copied to the dis- 
play data storage region 14a in an order opposite to the 
order in which the decoding process has been per- 
formed. That is, as shown in Fig. 7D, the decoded P pic- 
ture P 8 stored in the third decoded image data storage 
region 1 4d is contracted. The P picture P 8 decoded and 
contracted as described above is copied to the region 
14 a9 °f tne display data storage region 14a for display- 
ing the ninth angle. 

As shown in Fig. 7E, the decoded P picture P 5 
stored in the second decoded data storage region 14c 
is contracted. Then, the contracted and decoded P pic- 
ture P 5 is copied to the region 14 a9 of the display data 
storage region 14a. 

As shown in Fig. 7F, the decoded I picture l 2 stored 
in the first decoded data storage region 14b is contract- 
ed. Then, the contracted and decoded I picture l 2 is cop- 
ied to the region I4 a9 of the display data storage region 
14a. 

As described above, the P picture P 8 , the P picture 
P 5 and the I picture l 2 are sequentially copied to the re- 
gion ^4 eB of the display data storage region 14a. Thus, 
the DVD reproducing apparatus 1 Is able to sequentially 
display the P picture P 8 , the P picture P 6 and the I picture 
l 2 on one display portion of the monitor 200 correspond- 
ing to the region 14 a9 . 

The reverse reproduction which is performed by de- 
coding only the I pictures and the P pictures is employed 
when, for example, high-speed reverse reproduction is 
performed. If usual reverse directional reproduction is 
performed, only second decoded data storage region is 
required to be provided for the frame memory 14. 
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As described above, the frame memory 14 is struc- 
tured to perform a process tor decoding the I pictures or 
the I picture and the P picture. The reverse reproduction 
is performed by using the frame memory 14 as de- 
scribed above. 

Since the DVD reproducing apparatus 1 has the 
frame memory 14 structured as described above, the 
DVD reproducing apparatus 1 is able to simultaneously 
display images at a plurality of angles at the same time 
In both of the preceeding directional reproduction and 
the reverse reproduction. 

As a result, the problem which arises when an im- 
age is switched seamlessly in that an image at another 
angle is missed at the instant that the switching is per- 
formed can be overcome. For example, a user is able 
to watch a seamless image and simultaneously watch 
an image at another angle. 

The image at the angle required to be reproduced 
is not limited to the seamless image. The image may be 
a non-seamless image. 

The image at each angle is formed in VOBU units. 
Moreover, the image at each angle at the same time has 
an at)nbiJte r aThong VOBUs. That is, the DVD reproduc- 
ing apparatus 1 decodes the pictures in the VOBUs 
made to correspond to each other when the image at 
each angle is reproduced. 

The function of the DVD reproducing apparatus 1 
is not limited to the above-mentioned operation. When 
a preceeding directional reproduction is performed in 
such a manner that a picture of an image at another an- 
gle is decoded, the DVD reproducing apparatus 1 is able 
to decode a picture forming an image at the other angle 
in the VOBU belonging to next time. When the DVD re- 
producing apparatus 1 performs reverse reproduction 
in such a manner that a picture of an image at another 
angle is decoded, the DVD reproducing apparatus 1 is 
able to decode a picture forming an image at the other 
angle in the VOBU belonging to real time. 

A second embodiment of the present invention will 
now be described. A DVD reproducing apparatus ac- 
cording to the second embodiment has a structure to 
which a signal reproducing apparatus and a signal re- 
producing method embodying the present invention are 
applied so as to reproduce a DVD. 

The DVD has a data format having a multi-angle 
function similarly to that according to the first embodi- 
ment. That is, the DVD employs the MPEG2 method and 
has images stored thereon in such a manner that the 
images are compressed and coded as I pictures, P pic- 
tures and B pictures. Then, a process for reproducing a 
DVD on which images at two different angles have been 
recorded will now be described. 

The DVD reproducing apparatus according to this 
embodiment, as shown in Fig. 8, has two video decod- 
ers. Thus, decoded image data obtained by dint of de- 
coding processes performed by the two video decoders 
is switched when decoded image data is transmitted to 
a following circuit. 



Specifically, the DVD reproducing apparatus 1 has 
a pickup 2 lor reproducing an RF signal from a recording 
medium 100, and an RF circuit 3 to which the RF signal 
reproduced by the pickup 2 is supplied and which bina- 

5 . ry-codes the RF signal. Moreover, the DVD reproducing 
apparatus has a data decoder 4 to which reproduced 
data is supplied from the RF circuit 3 and which subjects 
reproduced data to a decoding process including an er- 
ror correction process. In addition, the DVD reproducing 

io apparatus has a track buffer 21 which has first and sec- 
ond storage regions 21a and 21b and on which digital 
data transmitted from the data decoder 4 is stored. 
Moreover, the DVD reproducing apparatus 1 has a de- 
multiplexer 5 for dividing digital data subjected to the 

J5 decoding process by the data decoder 4 into com- 
pressed data of a main image, compressed data of a 
sub- image and compressed audio data. 

Moreover, the DVD reproducing apparatus 1 has 
first and second video decoders 22 and 23 for decoding 

*0 compressed data of the main, image transmitted from 
the demultiplexer 5; a sub-image decoder 7 which de- - 
codes compressed data of the sub-image so as to syn- 
thesize decoded compressed data of the sub-image., 
with data of the main image; an audio decoder 8 for de- 

25 coding compressed audio data; and a digital/NTSC or 
PAL conversion circuit (hereinafter simply called as an 
"NTSC conversion circuit*) 9 to which data obtained by 
synthesizing data of the sub-image and data of the main 
image is supplied from the sub-image decoder 7 and 

30 which converts supplied image data into NTSC signal 
or a PAL signal. In addition, the DVD reproducing appa- 
ratus 1 has a digital/analog conversion circuit (hereinaf- 
ter simply called as a "D/A" conversion circuit) 1 0 which 
is supplied with audio data from the audio decoder 8 and 

35 which converts audio data into an analog signal. 

Moreover, the DVD reproducing apparatus 1 in- 
cludes a controller 11 for controlling the pickup 2, the 
RF circuit 3, the data decoder 4, the demultiplexer 5, the 
first video decoder 22, the second video decoder 23, a 

40 switch 24, the sub-image decoder 7. the audio decoder 
8, the NTSC conversion circuit 9 and the D/A conversion 
circuit 10. In addition, the DVD reproducing apparatus 
1 includes a user interface 1 2 which is an interface be- 
tween the controller 1 1 and an input performed by a us- 

45 er, and a memory 13 serving as a data storage portion 
for the controller 11. 

Each of the pickup 2 for reproducing the RF signal 
from the recording medium 100, the RF circuit 3 for 
processing the RF signal and the data decoder 4 for de- 

50 coding reproduced data subjected to the process by the 
RF circuft-3 is structured to have a processing speed - 
which is, for example, two times the speed in a usual 
process. The usual process is a process which is per- 
formed when, for example, data for an image at one an- 

55 gie is read from the recording medium 100. 

Also the demultiplexer 5 is structured to be capable 
of raising the data processing speed to two times the 
usual processing speed. As a result, the demultiplexer 
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5 is able to divide supplied compressed data of a main 
image, compressed data of a sub-image and com- 
pressed audio data in a manner simitar to a usual proc- 
ess. 

The elements of the DVD reproducing apparatus 1 
will now be described. The same elements as the DVD 
reproducing apparatus according to the first embodi- 
ment are given the same reference numeral as those 
shown in Fig. 2. Therefore, the same elements are omit- 
ted from description. 

The DVD reproducing apparatus 1 supplies coded 
image data and the like recorded on the recording me- 
dium 100 to the track buffer 21 through the pickup 2, the 
RF circuit 3 and the data decoder 4. 

The track buffer 21 has the first storage region 21a 
and the second storage region 21b. The track buffer 21 
stores digital data supplied to each of the storage re- 
gions 21a and 21b. As described above, digital data 
above includes compressed data of the main image, 
compressed data of the sub-image and compressed au- 
dio data divided by the demultiplexer 5. 

The tracl^>uffer 21 absorbs the difference between 
the^arccessing speed of the data decoder 4 and that of 
the demultiplexer 5. In accordance with a command for 
transference issued from the demultiplexer 5, the data 
decoder 4 transmits digital data to the demultiplexer 5. 

As described above, the demultiplexer 5 has the 
processing speed which is two times the usual process- 
ing speed. The demultiplexer 5 alternately fetches dig- 
ital data transmitted from each of the storage regions of 
the track buffer 21 so as to divide obtained digital data 
into compressed data of the main image, compressed 
data of the sub-image and compressed audio data. 
Then, the demultiplexer 5 transmits divided data to the 
first video decoder 22 or the second video decoder 23, 
the sub-image decoder 7 and the audio decoder 6. 

Compressed data of the main image which is trans- 
mitted to the first video decoder 22 and the second video 
decoder 23 is so-called coded image data which is com- 
posed of so-called I pictures, P pictures and B pictures. 
Compressed data of the main image is, in, for example, 
GOP units, transmitted to each of the first video decoder 
22 and the second video decoder 23. Compressed data 
of the main image, compressed data of the sub-Image 
and compressed audio data are packed and supplied to 
each decoder disposed next to the demultiplexer 5. 

Each of the first video decoder 22 and the second 
video decoder 23 has a frame memory provided with 
three decoding storage regions for decoding I pictures, 
P pictures and B pictures. 

The first and second video decoders 22 and 23 de- 
code each of the supplied coded image data items. The 
decoding process is performed by performing inter- 
frame prediction. Image data decoded by the first and 
second video decoders 22 and 23 is supplied to the 
switch 24. 

The switch 24 supplies either of decoded image da- 
ta supplied from the first video decoder 22 or that sup- 



plied from the second video decoder 23 to the following 
sub- image decoder 7. The switch 24 is operated by the 
controller 11. 

When a switching command is issued during a proc- 

s ess for transmitting decoded image data from the track 
buffer 21, the switch 24 causes decoded image data to 
be transmitted from the second video decoder 23. 
Therefore, coded image data decoded by the first video 
decoder 22 and the that decoded by the second video 

io decoder 23 are instantaneously switched by the switch 
24. The above-mentioned switching operation is per- 
formed when, for example, the angle of the image is 
switched. 

Decoded image data transmitted through the switch 
is 24 is, as an image, displayed on the monitor 200 through 
the sub-image decoder 7 and the NTSC conversion cir- 
cuit 9. 

Therefore, the DVD reproducing apparatus 1 ac- 
cording to the second embodiment is able to reproduce 

20 an image at another angle during reproduction of an im- 
age at an angle. Therefore, the DVD reproducing appa- 
ratus 1 is able to display, on the monitor 200, the image 
at the other angle at the. instant that the switching has- 
been performed. 

25 The DVD reproducing apparatus 1 enables a user 
to prevent missing of a required image at another angle 
when switching to the image at the other angle is per- 
formed. 

Images at angles are hot limited to seamless imag- 

30 es. The images may be non-seamless images. The 
DVD reproducing apparatus 1 embodying the present 
invention is able to instantaneously switch an image re- 
gardless of the type of the image. 

If an image at a certain angle is switched to an im- 

35 age at another angle, same sub-image data and audio 
data for the image at the certain angle are employed. 
That is, sub-image data and audio data of the image at 
the other angle are not transmitted from the demultiplex- 
er 5. Moreover, decoding is not performed. 

40 if the bit rate of coded image data which is supplied 
to the first video decoder 22 and that of coded image 
data which is supplied to the second video decoder 23 
are different from each other, an available amount in a 
video buffer (not shown) disposed between the demul- 

45 tiplexer 5 and the first video decoder 22 and that dis- 
posed between the demultiplexer 5 and the second vid- 
eo decoder 23 are monitored by, for example, the con- 
troller 1 1 . Then, data is required to be transmitted to the 
video buffer having the available region from the demul- 

so tiplexer 5. Each of the video buff er is a buffer for absorb- 
ing the speed of the distributing process which is per- 
formed by the demultiplexer 5 and decoding speed of 
each video decoder. That Is, the above-mentioned buff- 
er is operated until the available space is used. Then, 

ss data is transmitted to another buffer so as to absorb the 
difference in the hit rate. 

The DVD reproducing apparatus 1 according to the 
second embodiment may includes a video decoder 26 
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having processing speed which is two times usual 
processing speed and a switch 25 disposed between 
the demultiplexer 5 and the video decoder 26, as shown 
in Fig. 9. 

The switch 25 transfers coded image data supplied s 
from the demultiplexer 5 to the video decoder 26, coded 
image data being transferred in, for example, GOP 
units. The operation of the switch 25 is performed by the 
controller 11. 

If a switching command is issued during a process 
tor transmitted coded image data corresponding to an 
image at a certain angle, the switch 25 causes coded 
image data corresponding to an image at another angle 
to be transferred. Therefore, the switching operation of 
the switch 25 causes either of coded image data corre- 
sponding to ah image at a certain angle or coded image 
data corresponding to an image at another angle to be 
transmitted. 

The video decoder 26 is able to decode coded im- 
age data supplied from the switch 25 at processing 
speed which is two times usual processing speed. Com- 
pressed data decoded by the video decoder 26 is, as 
an imagefdis'played on the monitor 200 through the sub- 
image decoder 7 and the NTSC conversion circuit 9. 

Since the DVD reproducing apparatus 1 includes 
the switch 25 and the video decoder 26 having decoding 
speed which is two times usual speed, the DVD repro- 
ducing apparatus 1 is able to display a seamless image 
and instantaneously switch the seamless image. 

A third embodiment of the present invention will now 
be described. A DVD reproducing apparatus according 
to this embodiment has a structure to which a signal re- 
producing apparatus and signal reproducing method 
embodying the present invention are applied so as to 
reproduce a DVD. 

The DVD reproducing apparatus according to the 
third embodiment has a structure with which images at 
a plurality of angles are simultaneously reproduced. 
Therefore, the DVD reproducing apparatus according to 
this embodiment, as shown in Fig. 10, includes a first 
and second video decoders 23 and 24 to which com- 
pressed data of a main image is supplied from the de- 
multiplexer 5; and a mixing circuit 27 for mixing decoded 
image data items transmitted from the first video decod- 
er 22 and the second video decoder 23, respectively. 

That is, the DVD reproducing apparatus 1 accord- 
ing to the third embodiment has the structure having the 
mixing circuit 27 provided in place of the switch 24 pro- 
vided for the DVD reproducing apparatus 1 according 
to the second embodiment. 

The DVD reproducing apparatus 1 having the 
above-mentioned structure including the mixing circuit 
27 which is able to mix decoded image data transmitted 
from the first video decoder 22 and that transmitted from 
the second video decoder 23 with each other so that 
mixed decoded image data is supplied to the monitor 
200. 

If decoded image data forming an image at a first 



angle is transmitted from the first video decoder 22 and 
decoded image data forming an image at a second an- 
gle is transmitted from the second video decoder 23, the 
image at the first angle (shown in Fig. 12A) and the im- 
age at the second angle (shown in Fig. 1 2B) can simul- 
taneously be displayed (as shown in Fig. 12C), as 
shown in Figs. 12A and 12B. 

If the image according the first angle and that at the 
second angle are not overlapped in the screen of the 
monitor 200 as shown in Fig. 12C, the DVD reproducing 
apparatus 1 may be arranged in sucn a manner that the 
first video decoder 23 and the second video decoder 24 
share the frame memory having three decoding storage 
regions. 

When each of the first video decoder 22 and the 
second video decoder 23 has the frame memory, display 
can be performed as shown in Figs. 1 3Aand 1 3B in such 
a manner that an image at a first angle (shown in Fig. 
13A) is displayed in the overall portion of the display 
screen of the monitor 200 and an image at a second 
angle (shown in Fig. 1 3B) is displayed in a portion of the 
display screen of the monitor 200 (as shown in Fig. 
13C). 

The DVD reproducing apparatus 1 having the frame 
memory composed of three decoding storage region is 
abie to decode I pictures, P pictures and B pictures. 
Thus, the DVD reproducing apparatus 1 is able to per- 
form a usual reproduction operation. 

Therefore, the DVD reproducing apparatus 1 is able 
to simultaneously perform usual reproduction of images 
at two different angles similarly to the structure having 
two video decoders. Therefore, the DVD reproducing 
apparatus 1 is able to display, on the monitor 200, im- 
ages at two different angles which have been repro- 
duced usually. 

A fourth embodiment of the present Invention will 
now be described. A DVD reproducing apparatus ac- 
cording to the fourth embodiment has a structure to 
which a signal reproducing apparatus and a signal re- 
producing method embodying the present invention are 
applied so as to reproduce a DVD. 

The DVD reproducing apparatus according to the 
fourth embodiment is able to simultaneously reproduce 
Images at a plurality of angles. Moreover, the DVD re- 
producing apparatus is able to instantaneously and 
seamlessly switch an image at the angle which is being 
reproduced. Therefore, as shown in Fig. 11, the DVD 
reproducing apparatus according to this embodiment in- 
cludes first and second video decoders 22 and 23 ar- 
ranged to be supplied with compressed data of a main 
image supplied from a demultiplexer 5; a mixing circuit 
27 for mixing decoded image data items transmitted 
from the first video decoder 22 and the second video 
decoder 23, respectively; a switch 28 for permitting/in- 
hibiting supply of decoded image data transmitted from 
the first video decoder 22 to the mixing circuit 27; and a 
switch 29 tor permitting/inhibiting supply of decoded im- 
age data transmitted from the second video decoder 23 
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to the mixing circuit 27. 

When the switch 28 and the switch 29 of the DVD 
reproducing apparatus 1 having the above-mentioned 
structure are switched on, the mixing circuit 27 is able 
to mix decoded image data transmitted i rom the first vid- 
eo decoder 22 and that transmitted from the second vid- 
eo decoder 23 with each other and supply mixed data 
to the monitor 200. The DVD reproducing apparatus 1 
is able to supply mixed images, for example, as shown 
in Figs. 1 2C and 1 3C, to the monitor 200. 

Moreover, the DVD reproducing apparatus 1 in- 
cludes the switches 28 and 29 to select the first video 
decoder 22 or the second video decoder 23 so as to 
decode coded image data by switching the switch 28 
and the switch 29 on or off. In this case, when the switch 
28 is switched on, the switch 29 is switched off. When 
the switch 28 is switched off, the switch 29 is switched 
on. 

If a command for switching is issued during output 
of decoded image data forming an image at a certain 
angle from the first video decoder 22, the switch 28 is 
switcheo^off c and the switch 29 is switched on. Thus, de- 
coded image data forming an angle at another angle can 
be transmitted from the second video decoder 23. That 
is, coded image data which has been decoded by the 
first video decoder 22 or the second video decoder 23 
is instantaneously selected so as to be transmitted. 

Therefore, the DVD reproducing apparatus 1 is able 
to instantaneously switch an image at another angle 
during reproduction of an image at a certain angle. Thus, 
the DVD reproducing apparatus 1 is able to display, on 
the monitor 200, the selected image at the other angle. 

As described above, the DVD reproducing appara- 
tus 1 according to the fourth embodiment is able to si- 
multaneously reproduce images at a plurality of angles. 
Moreover, the DVD reproducing apparatus 1 is able to 
instantaneously switch between seamless images at 
different angles. 

The DVD reproducing apparatus 1 according to this 
embodiment enables a user to simultaneously watch im- 
ages at different angles. Moreover, missing of an image 
at a required angle can be prevented when an image at 
a certain angle is switched. 

Although the DVD reproducing apparatus 1 accord- 
ing to the second to fourth embodiments has the struc- 
ture to reproduce a DVD on which images at two angles 
have been recorded, DVD reproducing apparatus em- 
bodying the invention may be able to reproduce a DVD 
on which images at three or more angles, for example, 
- m (which is a multiple) angles have been recorded. !n 
this case, the DVD reproducing apparatus 1 is struc- 
tured in such a manner that two elements and the 
processing speed which is two times are changed to m 
elements and processing speed which is m times. 

The signal reproducing apparatus described above 
includes the decoding means for generating decoded 
Image data at the plural angles by decoding coded im- 
age data at a certain angle among the plural angles read 



by the reading means; the decoding storage means on 
which decoded image data at the certain angle among 
the plural angles generated by the decoding means is 
stored; the displaying storage means having the storage 

5 regions on which image data to be displayed is stored 
and which enables division display to be performed; and 
the control means for subjecting decoded image data 
stored in the decoding storage means to a contraction 
process, the writing decoded image data, which has 

io been subjected. to the contraction process, on the stor- 
age region of the displaying storage means and reading 
image data to be displayed and including decoded im- 
age data written on the storage region. Thus, images at 
a plurality of angles composed of coded image data can 

is simultaneously be reproduced. 

Therefore, the signal reproducing apparatus de- 
scribed above is able to simultaneously present images 
regardless of a fact that the images are non-seamless 
images. Moreover, missing of an image required for a 

20 user can be prevented. 

The signal reproducing apparatus described above 
includes the m storage means on which coded image 
data read by the reading means is stored; and the '6e- 
coding means for generating decoded image data by 

25 decoding coded image data transmitted from the m stor- 
age means. Thus, a plurality of coded image data items 
can be decoded. As a result, images at a plurality of an- 
gles can instantaneously be reproduced or the same 
can simultaneously be reproduced. 

30 The signal reproducing apparatus described above 
is able to instantaneously switch to an image at another 
angle even if a seamless image is reproduced. 

The signal reproducing method includes: a decod- 
ing step for generating decoded image data at the plural 

35 angles by decoding coded image data at a certain angle 
among the plural angles read In a reading step; decoded 
image data storing step for storing decoded image data 
at the certain angle among the plural angles generated 
in the decoding step; a displaying storage step using 

40 storage regions on which image data to be displayed is 
stored and which enables division display to be per- 
formed; anda control Gtep for subjecting decoded image 
data stored in the decoded image data storing step to a 
contraction process, witting decoded image data, which 

45 has been subjected to the contraction process, on the 
storage region which is used in the displaying storage 
step and reading image data to be displayed and includ- 
ing decoded image data written on the storage region. 
Thus, images at a plurality of angles formed by coded 

50 image data can simultaneously be reproduced. 

Therefore, the signal reproducing method is able to 
simultaneously present images regardless of a fact that 
the images are non-seamless images. Moreover, miss- 
ing of an image required for a user can be prevented. 

55 The signal reproducing method ent includes: m 
storing steps for storing coded image data read in a 
reading step; and a decoding step for generating decod- 
ed image data by decoding coded image data transmit- 
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ted from the rn storing steps. Therefore, a plurality ot 
coded image data items can be decoded. Thus, images 
at a plurality of angles can simultaneously be repro- 
duced or the same can instantaneously be switched so 
as to be reproduced. 

The above-mentioned signal reproducing method is 
able to instantaneously switch to an image at another 
angle even if a seamless Image is reproduced. 

Although the invention has been described in its 
preferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred 
form can be changed in the details of construction and 
in the combination and arrangement of parts without de- 
parting from the scope of the invention as hereinafter 
claimed. 



Claims 

1. A signal reproducing apparatus comprising: 

reading means for reading coded image data 
, ^-^irnages at a plurality of angles from a record- 
ing medium on which the images at the plural 
angles have been recorded as coded image da- 

decoding means for generating decoded image 
data at the plural angles by decoding coded im- 
age data at a certain angle among the plural 
angles read by said reading means; 
decoding storage means on which decoded im- 
age data at the certain angle among the plural 
angles generated by said decoding means is 
stored; 

displaying storage means having storage re- 
gions on which image data to be displayed is 
stored and which enables division display to be 
performed; and 

control means for subjecting decoded image 
data stored In said decoding storage means to 
a contraction process, writing decoded image 
data, which has been subjected to the contrac- 
tion process, on the storage region of said dis- 
playing storage means and reading image data 
to be displayed and including decoded image 
data written on the storage region. 

2. A signal reproducing apparatus according to claim 
1 , wherein at least one decoding storage means is 
provided, and intra-f name coded image data of cod- 

- ~ ed image data is decoded by using one of said de- 
coding storage means so as to reproduce images 
at the plural angles recorded on said recording me- 
dium. 



in a preceeding direction are decoded by using the 
two decoding storage means so as to reproduce im- 
ages at the plural angles recorded on said recording 
medium. 

£ 

4. A signal reproducing apparatus according to claim 
1, wherein at least three decoding storage means 
are provided, and inter-frame coded image data 
items in a preceeding direction are decoded by us- 

10 fog the three decoding storage means so as to re- 
versely reproduce images at tKe plural angles re- 
corded on said recording medium. 

5. A signal reproducing apparatus comprising: 

15 

reading means for reading coded image data 
at a plurality of angles from a recording medium 
on which images at the plural angles have been 
recorded as coded image data; 
20 m storage means on which coded image data 

read by said reading means is stored; and 
decoding means for generating decoded image 
data by decoding coded image data transmitted : 
from said m storage means. 

25 

6. A signal reproducing apparatus according to claim 
5, wherein m decoding means are provided, and de- 
coded image data items at various angles obtained 
by decoding processes performed by the m decod- 

30 ing means are switched and transmitted by a 
switch. 

7. A signal reproducing apparatus according to claim 
5, wherein said decoding means has decoding 

35 speed which is m times usual decoding speed, and 
the coded image data items at the plural angles 
transmitted from said m storage means are 
switched and supplied to said decoding means. 

40 8. A signal reproducing apparatus according to claim 
5, wherein m decoding means are provided, and the 
decoded image data items at the plural angles ob- 
tained by decoding processes performed by said m 
decoding means are mixed with each other by a 

45 mixing circuit, and then transmitted. 

9. A signal reproducing apparatus according to claim 
8, further comprising a switch for controlling output 
of the decoded image data items at the plural angles 

so obtained by the decoding processes performed by 
- said m decoding means so as to supply decoded 
image data to said mixing circuit. 

10. A signal reproducing method comprising: 



55 

3. A signal reproducing apparatus according to claim a reading step for reading coded image data of 

1 , wherein at least two decoding storage means are images at a plurality of angles from a recording 

provided, and inter-frame coded image data items medium on which the images at the plural an- 
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gles have been recorded as coded image data; 
a decoding step for generating decoded image 
data at the plural angles by decoding coded im- 
age data at a certain angle among the plural 



a decoded image data storing step for storing 
decoded image data at the certain angle among 
the plural angles generated in said decoding 
step; 

a displaying storage step using storage regions 10 
on which image data to be displayed is stored 
and which enables division display to be per- 
formed; and 

a control step for subjecting decoded image da- 
ta stored in said decoded image data storing is 
step to a contraction process, writing decoded 
image data, which has been subjected to the 
contraction process, on the storage region 
which is used in said displaying storage step 
and reading image data to be displayed and in- 20 
eluding decoded image data written on the stor- 



11. A signal reproducing method comprising: 



a reading step for reading plural types of coded 
image data items from a recording medium on 
which images at plural angles have been re- 
corded as coded image data; 
m storing steps for storing coded image data 30 
read in said reading step; and 
a decoding step for generating decoded image 
data by decoding coded image data transmitted 
from said m storing steps. 



angles read in said reading step; 
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